Pancreatic adenocarcinoma (PDAC) has a grim prognosis. Molecular and genomic analyses revealed that the striking majority of these tumors are driven by KRAS mutation, currently not amenable to targeted therapy. However, other driver mutations were found in a small fraction of patients. Herein we report of 3 cases of patients with metastatic PDAC and wildtype KRAS, found to harbor BRAF or RET pathogenic alterations. The patients were treated with targeted therapies with variable success. In our opinion, those proof-of-concept cases argue in favor of additional research and clinical trials' effort in this small but significant PDAC population with uncommon driver mutations.
Introduction
Pancreatic adenocarcinoma (PDAC) is a major cause of cancer-related mortality in Western countries. It is expected to become the second most lethal cancer within a decade [1] . The most common genomic alterations in PDAC are in KRAS oncogene (more than 93% of tumors), CDKN2A, SMAD4 and TP53 [2] . Importantly, all these mutations are not amenable to targeted therapies. The cornerstone of current first-line treatment of PDAC is a combination chemotherapy (such as protein-bound paclitaxel with gemcitabine or oxaliplatin-based protocols). Despite extensive research, there are only two FDA-approved targeted agents for PDAC: Erlotinib (EGFR inhibitor with very modest impact on survival) and the check-point immunotherapeutic agent Pembrolizumab (anti-PD1) in case of mismatch-repair (MMR) deficient tumors [3] .
BRAF is another well-described oncogene, mutated in 15% of all tumors, mainly in melanoma, papillary thyroid carcinoma and hairy-cell leukemia [4] . Up to 90% of BRAF mutations are comprised of the single substitution of glutamic acid to valine at codon 600 (V600E). This change cause constitutive activation of the kinase domain and further oncogenic effects. Recently published comprehensive molecular analysis of PDAC by The Cancer Genome Atlas Research Network [2] show that about 3% of tumors harbor BRAF alteration (and KRAS wildtype). Fortunately, potent inhibitors of BRAF V600E were developed (Dabrafenib, Vemurafenib, etc.) and have shown significant clinical utility. There are only two published reports of BRAF-mutated PDAC patients (n = 5) treated with Vemurafenib, resulting in four minimal tumor responses and one partial response (in a patient with CUX1-BRAF fusion) [5, 6] .
Oncogenic RET aberrations are either germline or somatic mutations or translocations [7] . Heritable mutations cause multiple endocrine neoplasia type 2 (MEN2) and somatic mutations are well described in papillary thyroid cancer, lung adenocarcinoma and chronic myelomonocytic leukemia. RET is expressed in up to 65% of PDAC and probably involved in the metastatic process. RET inhibitors are being tested in clinical trials, however recent data does not support RET inhibition without a biomarker [8] .
Here we present a case of RET-mutated and two cases of BRAF-mutated PDAC (all KRAS wildtype) patients treated with a specific targeted therapies.
Case Reports
First Case 75-year-old female patient, with no significant comorbidities or family history of cancer, presented to the Emergency Department with severe abdominal pain and progressive weight loss. Computed Tomography (CT) revealed multiple hepatic lesions, omental nodules and pancreatic mass. CA19-9 was 918 u/mL. Liver biopsy revealed poorly differentiated pancreatic carcinoma, mismatch repair (MMR) proficient, without BRCA1/2 mutations. Surprisingly, tumor mutation testing using next-generation-sequencing (NGS) panel discovered wildtype KRAS and pathogenic BRAF c.1799T>A (V600E) mutation. The patient received a single cycle of Oxaliplatin-based chemotherapy and decided not to pursue additional cycles due to poor tolerability. The case was presented at a multidisciplinary tumor board (MTB) and combination targeted therapy using Dabrafenib and Trametinib was suggested. The patient was given full dose therapy with Dabrafenib 150 mg twice daily with Trametinib 2 mg once a day. During treatment the patient had no apparent side effects. CA19-9 declined within a week from 2,774 to 1,687 u/mL. After 19 days on treatment schedule, the patient has arrived to the Emergency Department with severe abdominal pain. CT showed intra-peritoneal free air without obvious anatomic pathology involving the intestines. Disease extent evaluation was difficult due to lack of oral and intravenous contrast media. Sadly, the patient refused to undergo exploratory surgery and deceased within several hours.
Second Case
56-year-old male was admitted for evaluation of prolonged abdominal pain and severe weight loss. He has congestive heart failure and no family history of cancer. CT scan revealed pancreatic mass, omental implants and multiple hepatic lesions. CA19-9 was within normal limits (18.5 u/mL). Liver biopsy exhibited poorly differentiated carcinoma, suitable for pancreatic origin. Again, the tumor was MMR-proficient, wild-type sequences of BRCA1/2. Due to low performance status and intermediate cardiac function, the patient started monotherapy with gemcitabine. Meanwhile, NGS panel discovered wildtype KRAS and BRAF c.1799_1801delTGA mutation, likely pathogenic according to ClinVar database [9] . The case was discussed on MTB and the patient was advised to receive BRAF and MEK inhibitors on first sign of disease progression. Close cardiac monitoring was offered. As expected, metastatic progression was recorded and the patient started full dose Dabrafenib and Trametinib. After two weeks of treatment the patient developed severe unilateral interstitial lung disease. He received high dose steroids and all drugs except Dabrafenib were discontinued. The patient has recovered and resumed low dose Trametinib. The tumor was stable (per CT and CA19-9) for 3 months. However, after 3 additional months, just before his next evaluation the patient arrived to the Emergency Department in severe shock (probably septic) and passed away within minutes (post mortem analysis was not done).
Third Case
64-year-old male whose medical history was significant for type 2 diabetes, presented to the emergency department in our institution complaining of jaundice and weight loss. Lab results showed evidence of obstructive jaundice. Imaging showed pancreatic mass with no evidence of distant metastasis. A subsequent biopsy results were highly suggestive of ductal adenocarcinoma of the pancreas. CA19-9 at diagnosis was 400 u/mL.
The patient received four rounds of neoadjuvant FOLFIRINOX chemotherapy and underwent pancriaticoduedonectomy. Pathology following surgery showed moderately to poorly differentiated adenocarcinoma of pancreatic head with vascular invasion. NGS (commercial FoundationOne test) detected RET rearrangement at exon 11. The patient decided to forgo chemotherapy and received Cabozantinib. Prior to treatment, a PET scan showed no evidence of active disease. The patient was on Cabozantinib 100 mg daily for 5 months. The treatment was well tolerated with mild acneiform rash. However, CA19-9 levels slowly increased while receiving this treatment, at last measurement it was 2,400 u/mL. Latest imaging revealed disease progression and therefore the patient re-started chemotherapy.
Discussion
Currently, except MMR-deficiency, there are no clinically significant molecular targets in PDAC. To the best of our knowledge, here we present the first case reports of combination targeting of BRAF and its downstream effector MEK in a patient with metastatic PDAC.
BRAF V600E mutation is well-described biomarker for efficacy of BRAF inhibitors in melanoma. Multiple trials on various BRAF-mutant tumor types have shown that histology-agnostic approach is not always appropriate [4] . For example, the significant clinical benefit of BRAF inhibition in melanoma patients cannot be recapitulated in BRAF-mutated colorectal cancers. A landmark paper [6] showed that targeting the same so-called 'predictive' BRAF mutation in different non-melanoma tumors results in a wide range of response extents. Further research is required to elucidate these tissue specific factors that interact and modulate the response to BRAF inhibition. Another strategy to overcome resistance is adding MEK1/2 inhibitors to BRAF inhibitors. MEK is a downstream kinase in the MAPK pathway. Its inhibition has gained additional clinical benefit in colorectal and lung cancer (in terms of response rate and progression free-survival) and more meaningful prolongation of overall survival in metastatic melanoma [10] [11] [12] , without significant addition of adverse effects.
RET oncogene is not typically mutated in PDAC. There are at least six multi-tyrosine kinase inhibitors that can inhibit RET: Lenvatinib, Cabozantinib, Vandetanib, Ponatinib, Sorafenib, Sunitinib and more experimental compounds [13] . Nowadays, there are no clinicallyproven methods to choose the best agent besides its availability, potential side effects and price. Nevertheless, preliminary results imply ex vivo systems as potential tools for this task [14] .
BRAF and RET aberrations are detected in published projects of PDAC genome sequencing. For example, TCGA data [2] has 1.6% (12/740 samples) and 1.5% (11/740) alterations of BRAF and RET, respectively. Table 1 summarizes current data in the largest public databases: TCGA and GENIE [2, 15] . Unfortunately, treatment and outcome data are not available.
As previously mentioned, in spite of dozens of randomized clinical trials, chemotherapeutic approach for treatment of PDAC achieved modest success. Furthermore, targeted agents trial were also disappointing [3] . There is a clear need for novel approaches, such as targeting the tumor microbiome, which was shown to inactivate chemotherapy [16] . Furthermore, T cell-based immunotherapies targeting neoantigens are potentially feasible in PDAC, however, only if the patient has the right human leukocyte antigen (HLA) type [17] . Another attractive option is biomarker-based targeted therapy. BRAF mutations in PDAC are relatively rare but potentially significant due to the availability of effective BRAF/MEK inhibitors. As a proof of principal in PDAC; Hainswoth et al. [5] show that targeting HER2, novel target in PDAC, with dual blockade can give promising response rate (two partial responses out of nine patients with HER2 amplification or mutation). We stress that performing trials of targeted therapies in PDAC with currently available agents may have clinical benefit in this poor-outcome population.
Conclusion
In our opinion, the present report highlights two important issues in PDAC management: (1) the utility of NGS early in disease course in order to identify potentially targetable alterations in KRAS wildtype subset of patients (2) the deep need for additional clinical research of combination targeted therapies. It seems the incidence of BRAF mutation in PDAC resembles the ROS1 translocation in non-small cell lung cancer (NSCLC) [18] . Nowadays, ROS1 analysis is the standard of care in newly diagnosed NSCLC patients and embedded in national and global practice guidelines. Similarly, further research may add to consideration BRAF\RET analysis in KRAS wildtype PDAC patients (e.g. during this manuscript preparation two additional cases were identified).
In conclusion, identifying the precise molecular alteration and administration of active combination targeted therapy might have a potential activity in a small but significant portion of patients. Missense -
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